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SELF-POWERED PIEZOELECTRIC
STRUCTURE AND METHOD OF
MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority from Korean Pat-
ent Application Number 10-2013-168287 filed on Dec. 31,
2013, the entire contents of which are incorporated herein
for all purposes by this reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a piezoelectric structure,
and more particularly, to a piezoelectric structure configured
to remove (decompose) organic matters 1 water, for
example, by using catalyst, which 1s activated using light,
clectrical energy and the like, such as photocatalyst, elec-
trochemical catalyst and the like, and a method of manu-
facturing the same.

Description of Related Art

Photocatalyst that 1s activated by light has been widely
known.

The photocatalyst generates therein electrons and holes by
using the light and decomposes water mnto hydroxide
(—OH) and proton (H+) by using the same. By the oxida-
tion/reduction process of the water, it 1s possible to decom-
pose the organic matters in the water, for example. Thus, the
photocatalyst has been diversely used in many fields (for
example, refer to Korean Patent Application Publication No.
10-2004-15928).

According to the above technology, a light illumination
lamp 1s provided 1n a reactive tank, the light 1s 1lluminated
to the photocatalyst and incoming water to remove the
organic matters from the incoming water through the pho-
tocatalyst. However, 1in order to activate the photocatalyst,
an 1llumination means such as the light illumination lamp
should be used. Like this, since the photocatalyst requires
the light energy, 1t cannot be used 1 an environment in
which a separate i1llumination means cannot be provided
because the depth of water 1s deep, and a space where the
light 1s shielded.

The information disclosed in the Background of the
Invention section 1s provided only for better understanding
of the background of the invention, and should not be taken
as an acknowledgment or any form of suggestion that this
information forms a prior art that would already be known
to a person skilled 1n the art.

BRIEF SUMMARY OF THE INVENTION

Various aspects of the present mvention provide a seli-
powered piezoelectric structure having a means capable of
activating photocatalyst, which 1s activated by illuminating
light, without 1lluminating the light and a method of manu-
facturing the same.

Also provided are a seli-powered piezoelectric structure
configured to activate the photocatalyst even without 1llu-
minating the light thereto and to remove (decompose)
organic matters and the like and a method of manufacturing
the same.

Also provided are a seli-powered piezoelectric structure
having a means capable of activating not only the photo-
catalyst but also a catalytic material, which 1s activated by
applying the energy from an outside, such as electrochemi-
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2

cal catalyst, even though a separate external energy source
1s not provided, and a method of manufacturing the same.

In an aspect of the present invention, there 1s provided a
self-powered piezoelectric structure for mducing a prede-
termined catalytic reaction. The structure includes a base
material that can be bent by an externally applied force, and
a catalyst layer formed on the base material, wherein the
catalyst layer 1s formed by using a mixture of a catalytic
material, which can be activated when the energy 1s applied
thereto from an outside, and a piezoelectric material,
wherein at least a part of the catalytic material in the catalyst
layer 1s exposed to the outside, and wherein the self-powered
piezoelectric structure 1s configured so that when a force 1s
externally applied to the base matenial, the catalytic material
in the catalyst layer 1s activated by a potential generated
from the piezoelectric material 1n the catalyst layer and the
catalytic reaction 1s thus induced, even at an environment

where light 1s shielded.

According to an 1llustrative embodiment, a photocatalyst,
an electrochemical catalyst or thermal catalyst may be used
as the catalytic matenal.

According to an illustrative embodiment, at least a part of
the catalytic material 1n the catalyst layer may be exposed to
the outside by a plasma treatment for the catalyst layer.

According to an illustrative embodiment, at least one of
T10,, ZnO and MoS, may be used as the catalytic material.

According to an 1llustrative embodiment, a polymer
piezoelectric material may be used as the piezoelectric
material.

According to an 1llustrative embodiment, PVDF-1TrFE
(polyvinyledeneditluoride-tetrafluoroethylene) may be used
as the piezoelectric material.

According to an 1illustrative embodiment, the catalyst
layer may be formed on both surfaces of the base matenal.

According to an illustrative embodiment, the self-pow-
ered piezoelectric structure may be used for decomposing
organic materials 1n water.

In another aspect of the present invention, there 1s pro-
vided a method of manufacturing a self-powered piezoelec-
tric structure for inducing a predetermined catalytic reaction.
The method 1ncludes the steps of providing a base material
that can be bent by an externally applied force; forming a
catalyst layer formed on the base material by using a mixture
of a catalytic material, which can be activated when the
energy 1s applied thereto from an outside, and a piezoelectric
material, and exposing at least a part of the catalytic material
in the catalyst layer to the outside, wherein the self-powered
piezoelectric structure 1s configured so that when a force 1s
externally applied to the base matenal, the catalytic material
in the catalyst layer 1s activated by a potential generated
from the piezoelectric material 1n the catalyst layer and the
catalytic reaction 1s thus induced, even at an environment
where light 1s shielded.

According to an 1llustrative embodiment of the method, a
photocatalyst, an electrochemical catalyst or thermal cata-
lyst may be used as the catalytic material.

According to an 1llustrative embodiment of the method, at
least a part of the catalytic material 1n the catalyst layer may
be exposed to the outside by a plasma treatment for the
catalyst layer.

According to an 1llustrative embodiment of the method, at
least one of TiO,, ZnO and MoS, may be used as the
catalytic matenal.

According to an illustrative embodiment of the method, a
polymer piezoelectric material may be used as the piezo-
clectric material.




US 9,925,523 B2

3

According to an illustrative embodiment of the method,
PVDEF-TrFE (polyvinyledenedifluoride-tetratluoroethylene)
may be used as the piezoelectric material.

According to an illustrative embodiment of the method,
the catalytic material and the PVDF-TrFE are mixed 1n an
organic solvent and the catalyst layer may be formed on the
base material by spin coating a mixture solution.

According to an illustrative embodiment of the method, as
a ratio of the catalytic material to the piezoelectric material
in the catalyst layer increases, contact sites ol water mol-
ecules or organic matters with the catalyst layer increases.

According to an illustrative embodiment of the method,
the catalyst layer may be formed on both surfaces of the base
material.

In still another aspect of the present invention, there 1s
provided a self-powered piezoelectric structure for inducing,
a predetermined catalytic reaction. The structure 1s config-
ured to be bent by an externally applied force. The seli-
powered piezoelectric structure 1s formed using a mixture of
a catalytic material, which can be activated when the energy
1s applied thereto from an outside, and a piezoelectric
material. At least a part of the catalytic material in the
self-powered piezoelectric structure 1s exposed to the out-
side. The self-powered piezoelectric structure 1s configured
so that when a force 1s externally applied to the self-powered
piezoelectric structure, the catalytic material 1s activated by
a potential generated from the piezoelectric material and the
catalytic reaction 1s thus induced, even at an environment
where light 1s shielded.

According to an 1llustrative embodiment, a photocatalyst,
an electrochemical catalyst or thermal catalyst may be used
as the catalytic matenal.

According to an 1llustrative embodiment, the self-pow-
ered piezoelectric structure may be provided 1n a film, fiber
or pillar shape.

As set forth above, the self-powered piezoelectric struc-
ture can activate the catalytic material by the external
mechanical force even when the light 1s not i1lluminated
thereto. That 1s, the piezoelectric material generates the
piezoelectric potential by the external mechanical force, and
the piezoelectric potential can activate the catalytic material.
Theretore, 1t 1s possible to utilize the piezoelectric structure
of the present invention 1 a deep-water environment, an
environment where the light 1s shielded, an environment
where even when there 1s the light, an amount of the light 1s
not suflicient to activate the catalyst (for example, photo-
catalyst), and the like. In particular, the piezoelectric struc-
ture of the present invention can be used as a use for
removing the organic matters in water, without any particu-
lar limitation and without special additive means (for
example, a light source).

The structures and methods of the present invention have
other features and advantages which will be apparent from,
or are set forth in greater detail in the accompanying
drawings, which are incorporated herein, and 1n the follow-
ing Detailed Description of the Invention, which together
serve to explain certain principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a catalytic material (photocatalyst) and
a piezoelectric polymer material, which are used 1n a process
of manufacturing a self-powered piezoelectric structure
(substrate) according to an illustrative embodiment of the
present invention, a state where the photocatalyst material in
the polymer 1s exposed by plasma treatment, and the like.
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FIG. 2 1llustrates a test method of using the self-powered
piezoelectric structure manufactured according to the illus-

trative embodiment of the present invention, and etfliciency
of removing organic matters 1n water by using the piezo-
clectric structure.

FIG. 3 illustrates decomposition etfliciency of the organic
matters 1 accordance with a mixing ratio of the photocata-
lyst material and the piezoelectric matenal.

FIG. 4 1illustrates a method of improving the organic
matter removing efliciency of the substrate and organic

matter removing results by using photocatalyst material
other than Ti0.,,.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Reference will now be made in detail to exemplary
embodiments of the present mnvention, examples of which
are 1llustrated in the accompanying drawings. Herein,
detailed descriptions of functions and components well
known 1n the art will be omitted. Even 11 such descriptions
are omitted, the constructions, functions and so on of a
self-powered generator according to the present invention
will be apparent to a person skilled in the art from the
following description.

As described 1n relation to the related art, the photocata-
lyst 1s a matenial that can be activated by illuminating the
light thereto. Therefore, 1t 1s not possible to utilize the
photocatalyst 1n a deep-water environment and a light-
shielded environment. In an 1llustrative embodiment of the
present invention, i order to overcome the limitations of the
photocatalyst, a self-powered piezoelectric structure, for
example, a photocatalytic substrate 1s disclosed which can
generate the piezoelectric energy other than the light energy,
as the energy capable of generating electrons and holes 1n a
catalytic material, and thus activate the photocatalyst even
when a separate external light source such as light energy
and electricity 1s not provided

In a below 1llustrative embodiment, T10, was used as the
photocatalytic material, a piezoelectric material capable of
generating a piezoelectric potential by using small mechani-
cal energy, which 1s likely to be wasted 1n a light-shielded
environment, for example, and the photocatalytic material
were combined to provide a self-powered piezoelectric
structure. Also, it was confirmed whether organic matters in
water could be decomposed by using the piezoelectric
structure. In the below, the illustrative embodiment of the
present invention will be described in more detail with
reference to the drawings.

In the i1llustrative embodiment, a self-powered piezoelec-
tric structure (substrate) capable of generating piezoelectric
potential 1s provided. In order to investigate a chemical
reaction thereof, a polyimide substrate was selected as a
flexible substrate that can be bent by the externally applied
force, and a photocatalytic layer was formed thereon. The
photocatalytic layer was composed of a mixture of T10,-25
and PVDF-TrFE (polyvinyledeneditluoride-tetratfluoroeth-
ylene) (polymer piezoelectric matenal).

Specifically, in FIG. 1, a) 1s a SEM 1mage of pristine
T10,-25 as 1t was purchased, illustrating particle size and
distribution state thereof. Then, T10,-25 and PVDF-TrFE
were respectively mixed in the same organic solvent (THF
(tetrahydrofuran), in this i1llustrative embodiment) and were
completely dispersed in the solvent (refer to 5) in FIG. 1).
Then, a piezoelectric catalytic layer having a thickness of
about 6 to 8 um was formed on the polyimide substrate by
using a spin coating method (refer to d) in FIG. 1).
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In the meantime, according to a preferred illustrative
embodiment, a process of exposing the photocatalyst to an
outside 1s further performed. That 1s, since the photocatalyst
may be bound in the PVDEF-TrFE polymer, a surface of the
piezoelectric catalytic layer was etched using O, plasma so
as to expose the photocatalyst bound in the polymer to the
outside (i1.e., so as to increase an ellective area of the
photocatalyst). In this i1llustrative embodiment, the etching
process was performed using the O, plasma. However, the
present invention 1s not limited thereto. For example, an
organic solvent or UV light source may also be used. Also,
argon may be used upon the plasma etching, instead of the
oxygen. However, according to the former method, the
organic matters may remain on an inorganic surface, and
according to the latter method, the efliciency 1s lowered, as
compared to the plasma etching. Therefore, according to the
preferred 1llustrative embodiment, the plasma, more prefer-
ably, oxygen plasma 1s used to perform the etching process.

In FIG. 1, d) and e) illustrate surface states of the
piezoelectric catalytic layer before and after the etching
using the O, plasma. By the plasma etching process, the
cllective area of the piezoelectric catalytic layer surface is
remarkably increased (refer to ¢) i FIG. 1). In the mean-
time, /) in FIG. 1 1s a SEM image of the surface of the
piezoelectric catalytic layer after the etching using the O,
plasma, and ¢) 1n FIG. 1 shows XRD results before and after
the etching using the O, plasma.

In FIG. 2, d) pictorially shows a photocatalytic substrate
manufactured according to the above process and a test
method using the same. Test results and a reaction mecha-
nism 1s shown 1 (a) to (¢) and (e) of FIG. 2.

A test for investigating characteristics of the photocatalyst
substrate manufactured according to the above process was
performed in a space where the sunlight was shielded.
Rhodamine B (tetracthylrhodamine, RhB) (a material that 1s
frequently used 1n a test for checking organic matter decom-
position of the catalyst) of a specific ratio was dispersed in
deiomized water, which was then filled 1n a receptacle having
the substrate disposed therein. Then, a rotary motor capable
of inducing mechanical deformation for the piezoelectric
catalytic layer of the photocatalyst substrate was used to
perform the test (refer to d) in FIG. 2).

In FIG. 2, a) shows a concentration change of RhB after
the light was shielded at a stationary state, a concentration
change of RhB after only the UV energy was used at a
stationary state and a concentration change of RhB after the
light was shielded and then the mechanical deformation was
applied, respectively. As shown, 1t can be seen that although
any catalytic reaction could not expected at the state where
the light was shielded (refer to “static”), the catalytic reac-
tion was induced when applying the UV energy and the
mechanical energy. It can also be seen that when the
catalytic reaction was induced for the same time (60 min-
utes), the catalytic reaction was more ellective when the
piezoelectric potential was used, as compared to the eflect
by the photocatalyst. The reason 1s as follows: an electrical
double layer 1s formed at an interface between the piezo-
clectric catalytic layer and the water solution by the potential
generated by the piezoelectric eflfect, so that an attractive
force ol more water molecules or organic matter molecules
to the catalyst surface 1s more strongly applied (refer to e) in
FIG. 2).

In FIG. 2, b) shows a concentration change of RhB in
water depending on whether T10,—P25 1s provided 1n the
piezoelectric catalytic layer. It can be seen that the concen-
tration change of RhB 1n water 1s higher 1n the piezoelectric
catalytic layer including T10,—P235 therein. In FIG. 2, ¢)
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shows a concentration change of RhB 1n water depending on
whether PVDF-TrFE 1s provided in the piezoelectric cata-
lytic layer. It can be seen that PVDF-TrFE generates the
piezoelectric potential by the mechanical deformation
thereby 1inducing the catalytic reaction. In the meantime, f)
in FIG. 2 pictonally shows the catalytic reaction by the
compressive force and tensile force applied to the piezo-
clectric catalytic layer by using a simple chemical equation.

In the meantime, the inventors compared the efliciency of
the manufactured photocatalyst substrate by using various
test parameters. The results are shown i FIG. 3.

In FIG. 3, a) and b) show surface changes of the piezo-
clectric catalytic layer and decomposition characteristics of
RhB as a mixing ratio of Ti0,—P25 and PVDF-TrFE 1s
changed. That 1s, when a relative ratio of T10,—P25 was
increased, the surface roughness was relatively increased
aiter the etching using the O, plasma (refer to 5) 1n FIG. 3).
As a result, a number of active sites at which the water
molecules or organic matters 1n water (RhB) can directly or
indirectly contact the piezoelectric catalytic layer and can be
thus reacted was increased. Theretfore, it can be seen that 1t
1s more etlicient to increase the relative ratio of T10,—P25,
which 1s a catalytic material, as compared to an increase in
the ratio of PVDF-TrFE generating the piezoelectric poten-
tial, so as to increase the operational effect of the photo-
catalyst 1n the piezoelectric catalytic layer.

In FIG. 3, ¢) shows a concentration change of RhB 1n
water over time at a condition where the relative mixing
ratio of T10,—P25 and PVDF-TrFE was 3. It can be seen
that RhB was more decomposed over time. In FIG. 3, d)
visually shows the result of ¢) through a digital image.

The mventors also observed a concentration change of
RhB as a period of applying the mechanical deformation
was changed for the same test group (refer to e) in FIG. 3).
As shown, when the period of applying the mechanical
deformation was increased for the same time, the organic
matters were decomposed more efliciently.

In FIG. 4, a) shows the organic matter removing eili-
ciency when the piezoelectric catalytic layer was formed on
one surface of the substrate and when the piezoelectric
catalytic layer was formed on both surfaces of the substrate.
As shown, when the piezoelectric catalytic layer was formed
on both surfaces of the substrate, the organic matter remov-
ing efliciency 1n water was increase over time, as compared
to when the organic matter removing efliciency was formed
only one surface of the substrate.

In FIG. 4, b) shows the organic matter decomposition
clliciency when the substrate was used at various conditions.
It can be seen that when the substrate was applied with the
mechanical deformation at an environment where the light
energy was applied, the efliciency was increased.

In FIG. 4, ¢) shows the organic matter decomposition
elliciency when ZnO and MoS,, were used instead of T1O,,
as the catalytic matenal. As shows, the catalytic matenals
also have the organic matter decomposition etfect. That 1s, 1t
1s possible to appropnately configure a piezoelectric cata-
lytic layer depending on a surrounding environment and a
type of a material to be decomposed. This means that a
utilization possibility of the substrate of the present inven-
tion can be enlarged. In the meantime, d) 1 FIG. 4 shows
states after ZnO and MoS, were mixed with PVDF-TrFE
and then the plasma etching process was performed.

Although the present mnvention has been described with
reference to the illustrative embodiment, 1t should be noted
that the present invention i1s not limited thereto.

For example, in the above illustrative embodiment, the
polyimide substrate has been exemplified as the substrate.

e
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However, any substrate composed of a material having
flexibility that can be bent by the external mechanical force
can be also used, 1 addition to the polyimide substrate.
Also, 1n the above 1llustrative embodiment, the substrate has
been exemplified. However, the substrate should be con-
strued 1n a broad sense. That 1s, although a substrate may be
a flat flexible substrate as described 1n the above illustrative
embodiment, the substrate may have a fiber or pillar shape.
Therefore, the present invention 1s not limited to a specific
shape of the substrate. That 1s, the present invention 1s not
particularly limited to a specific shape and matenal of the
substrate mnasmuch as a material of the substrate can carry
thereon a catalytic layer and can be bent by an externally
applied force. Therelore, the substrate of the present can also
be referred to as a base material. Also, the substrate (base
material) may be omitted in some 1llustrative embodiments.
That 1s, when the piezoelectric material such as PVDF-TrFE
1s provided 1n a flexible film form, a separate substrate (base
material) for carrying therecon the catalytic layer may be
omitted.

Also, 1n the above illustrative embodiment, the PVDEF-
TrFE polymer has been exemplified. However, any piezo-
clectric material capable of applying a piezoelectric poten-
tial to the photocatalyst may also be used, instead of the
polymer. Also, the piezoelectric catalytic layer was formed
on the substrate by using the spin coating. However, the
present invention 1s not limited to the spin coating. For
example, when the present invention 1s 1implemented as a
film shape, a drop casting, a silk screen and the like may be
adopted. Also, when the present invention 1s implemented as
a fiber form, a spinning method, an electrospinning method
and the like may be adopted.

Also, 1n the above illustrative embodiment, T10, has been
exemplified. However, T10, can be used not only as the
photocatalyst but also as the electrochemical catalyst. There-
fore, the present invention 1s not limited to the catalyst
having a specific use. In addition to the photocatalyst, the
thermal catalyst, the electrochemical catalyst and the like are
materials that can be activated by applying the energy from
the outside, and the present invention can also be applied to
the corresponding materials. For example, T10, and MoS,
are materials that are used not only as the photocatalyst but
also as the electrochemical catalyst.

As set forth above, the 1illustrative embodiments can be
made 1nto various alterations and modifications without
departing from the scope of the appended Claims, and all
such alterations and modifications fall within the scope of
the present invention. Therefore, the present invention shall
be defined by only the claims and their equivalents.

The invention claimed 1s:
1. A catalytic structure for inducing a predetermined
catalytic reaction, the structure comprising:

a base material configured to be bent by an externally
applied force, and

a catalyst layer formed on the base matenal,

wherein the catalyst layer comprises a mixture of a
catalytic material and a piezoelectric material, and the
catalytic material 1s configured to be activated when an
external energy 1s applied thereto from an outside,

wherein at least a part of the catalytic material in the
catalyst layer 1s exposed to the outside, and

wherein the catalytic structure 1s configured so that when
a force 1s externally applied to the base material, the
piezoelectric matenal 1n the catalyst layer generates an
clectrical potential and the catalytic material 1n the
catalyst layer 1s activated by the generated electrical
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potential thereby inducing the catalytic reaction, even
at an environment where the external energy 1is

shielded.

2. The catalytic structure according to claim 1, wherein a
photocatalyst, an electrochemical catalyst or thermal cata-
lyst 1s used as the catalytic material.

3. The catalytic structure according to claim 2, wherein at
least one of T10,, ZnO and MoS,1s used as the catalytic
material.

4. The catalytic structure according to claim 3, wherein a
polymer piezoelectric material 1s used as the piezoelectric
material.

5. The catalytic structure according to claim 4, wherein
PVDEF-TrFE (polyvinyledenedifluoride-tetratluoroethylene)
1s used as the piezoelectric matenal.

6. The catalytic structure according to claim 1, wherein at
least a part of the catalytic material in the catalyst layer 1s
exposed to the outside by a plasma treatment for the catalyst
layer.

7. The catalytic structure according to claim 1, wherein
the catalyst layer 1s formed on both surfaces of the base
material.

8. A method of manufacturing a catalytic structure for
inducing a predetermined catalytic reaction, the method
comprising the steps of:

providing a base material configured to be bent by an

externally applied force;
forming a catalyst layer on the base material, wherein the
catalyst layer comprises a mixture of a catalytic mate-
rial and a piezoelectric matenial, and the catalytic
material 1s configured to be activated when an external
energy 1s applied thereto from an outside, and

exposing at least a part of the catalytic material in the
catalyst layer to the outside, and

wherein the catalytic structure 1s configured so that when

a force 1s externally applied to the base material, the

piezoelectric matenial in the catalyst layer generates an

clectrical potential and the catalytic matenial in the

catalyst layer 1s activated by the generated electrical

potential thereby inducing the catalytic reaction, even

at an environment where the external energy 1is
shielded.

9. The method according to claim 8, wherein a photo-
catalyst, an electrochemical catalyst or thermal catalyst is
used as the catalytic material.

10. The method according to claim 9, wherein at least one
of T10,, ZnO and MoS, 1s used as the catalytic matenal.

11. The method according to claim 10, wherein a polymer
piezoelectric material 1s used as the piezoelectric material.

12. The method according to claim 11, wherein PVDEF-
TrFE (polyvinyledenedifluoride-tetrafluoroethylene) 1s used
as the piezoelectric material.

13. The method according to claim 12, wherein the
catalytic material and the PVDF-TrFE are mixed in an
organic solvent and the catalyst layer 1s formed on the base
material by spin coating a mixture solution.

14. The method according to claim 8, wherein at least a
part of the catalytic material 1n the catalyst layer 1s exposed
to the outside by a plasma treatment for the catalyst layer.

15. The method according to claim 8, wherein a ratio of
the catalytic material to the piezoelectric material in the
catalyst layer increases, contact sites of water molecules or
organic matters with the catalyst layer increases.

16. The method according to claim 8, wherein the catalyst
layer 1s formed on both surfaces of the base material.
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